INTRODUCTION
============

Dental anxiety is defined as "an abnormal fear or dread of visiting the dentist for preventive care or therapy and unwarranted anxiety over dental procedures."^[@B1]^ It may have psychological, cognitive, and behavioral consequences. It exists in considerable proportion of children making them uncooperative during dental visits. The presence of anxiety in children suggests that the nervous system is vulnerable to noxious stimuli during development. Alleviating child\'s anxiety toward dental treatment is important not only in mitigating immediate fear but also in preventing apprehension continuing into adulthood.^[@B2]^

Management strategies have been proposed to reduce distress during dental treatment in children and are mainly divided into two broad categories. The first module consists of behavioral techniques including the tell-show-do technique, distraction, inspiration, modeling, and hypnotism. The second category consists of pharmacologic techniques.^[@B3]^ Among these, the distraction technique is found to be effective among children in reducing anxiety.^[@B4]^

Distraction is a useful technique of diverting the patient\'s attention from what may be perceived as an unpleasant procedure. This enables decreased perception of unpleasantness and averting negative behavior. Kleiber and Harper suggested distraction as a cognitive coping mechanism that passively redirects the subject\'s attention or actively involves the subject in the task.^[@B5]^ Giving the patient a short break during a stressful procedure can be an effective use of the distraction technique prior to considering more advanced behavior guidance techniques. Recent dental studies have shown that distraction is a common technique used to reduce the pain reaction during short invasive procedures.^[@B6]--[@B10]^

Distraction is broadly classified into active and passive distraction techniques.^[@B11]^ Active forms promote the child\'s involvement into an activity during a dental procedure. These techniques involve several sensory components of the child. Some of the employed forms are interactive toys, singing songs, squeeze balls, controlled breathing, guided imaginary, and relaxation. Passive forms on other hand require the child to remain calm and quiet during a procedure. In this case, distraction is achieved by observation of the activity or stimulus rather than their overt participation. It includes auditory and audiovisual techniques. Several technological options are available for both visual and auditory distraction, such as background music, television sets, computer games, and virtual reality (VR) glasses.^[@B11],[@B12]^

In recent years, there has been an increase in behavioral research in VR and virtual world. By encouraging a patient to focus his or her attention on other thoughts, less attention is available for the pain. Virtual reality utilizes advanced technologies to create virtual environments (VE) that allow patients to be immersed in an interactive, simulated world. These advanced systems interact at many levels with the VE, stimulating sights, sounds, and motion to encourage immersion in the virtual world to enhance distraction from pain.^[@B13],[@B14]^ There have been very few studies of VR in a dental field. Some studies concluded that the use of audiovisual distraction is successful in decreasing not only anxiety^[@B15],[@B16]^ but also pain perception.^[@B3]^

Therefore, the aim of this study is to evaluate the effectiveness of VR eyeglasses as a distraction aid to reduce anxiety of children undergoing the dental extraction procedure.

MATERIALS AND METHODS
=====================

Subject Enrollment
------------------

The approval to conduct the study was obtained from the Institutional Review Board (TDC/IRB-EC/137/2017). All procedures carried out in this study involving human participants were in accordance with the 1964 Helsinki declaration and its later amendments or comparable ethical standards as well as the International Conference on Harmonization guideline for good clinical practice. The sample size was calculated on a two-sample comparison of proportions of behaviors: one group with AV distraction and one control group. The inclusion of 30 patients (*n* = 60) with bilateral molars was considered sufficient to detect a statistically significant difference between two groups. The formula used for sample size calculation was *n* = *f*(*α, β*) × \[*σ*2/(*μ*1 − *μ*2)2\], where *σ* is the standard deviation (SD) of the within-subject differences (*μ*1 − *μ*2), and *f*(*α, β*) is a function of power and significance level of 5% (*α* = 0.05, *β* = 10.5 with 95% power).

The participants were selected from consecutive patients who presented for treatment to the Department of Pedodontics and Preventive Dentistry. Oral examination was done for every child using a mouth mirror and probe. Orthopantamograph (OPG) was advised to formulate the treatment plan. Full detailed treatment plans were explained to the parents. Written consents for treatment were obtained from the children\'s parents prior to the clinical procedures.

Inclusion and Exclusion Criteria
--------------------------------

A total of 30 children with bilateral nonrestorable primary molars and those who demonstrated Frankl behavior rating 3--4 toward the dental procedures were included in this study.

Exclusion criteria for the study were medically compromised children, children with special health care needs, patients who had a bad experience with dentist, and Frankl behavior rating 1 and 2.

Study Design
------------

A total of 60 bilateral primary maxillary and mandibular molars in 30 patients aged 6--10 years were selected for this study. Bilateral nonrestorable primary molars were assigned for the dental extraction procedure. The randomization procedure was performed before the clinical procedure by using the split mouth study design. In a split mouth design, there are two study treatments (group I and group II) that are randomly assigned to left or right dentition sites. In group I (VR group), extraction was done with wearing VR eyeglasses whereas in group II (control group), the dental extraction procedure was done without wearing VR eyeglasses.

The treatment consisted of three consecutive sessions. All dental procedures were carried out by one pediatric dentist and one dental assistant at all three visits.

In first visit, all children in group I were introduced to VR eyeglasses using the tell-show-do technique and oral prophylaxis was done, whereas in group II all children had undergone the oral prophylaxis procedure only.

In second visit for group I, all children were given few minutes to get accustomed to the eyeglasses. The VR eyeglasses (BlackBug Virtual Reality Glasses 3D VR Box headsets for 4.7--6 inch mobile phones, model no: a236, India) used during extraction procedures blocked the visual field of the child completely and had in-built headphones to deliver the sound ([Fig. 1](#F1){ref-type="fig"}). The device was connected to the mobile device (Apple iPhone 6, California) capable of playing MP4 audiovisual files ([Fig. 1](#F1){ref-type="fig"}). A single episode of cartoon series "chotta bheem or doremon" was played for all subjects throughout the study. Once a VR device was secured on the child\'s eyes, playing the cartoon was started. Then, topical anesthetic agent (Lidayn topical aersol USP, India) was applied and necessary local anesthesia (Lignox 2% with adrenaline 1:80,000, India) was administered, followed by extraction ([Fig. 2](#F2){ref-type="fig"}). The technique employed for administration of local anesthesia in the maxillary arch was the infiltration technique, and the inferior alveolar nerve block technique was used in case of the lower arch.
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In third appointment that took place 1--2 weeks after the second visit, extraction was performed in group II children without using VR eyeglasses. Each therapeutic session lasted about 30--45 minutes.

Assessment of Anxiety
---------------------

Child\'s anxiety level in each procedural visit was assessed using a combination of three measures:

The Venham\'s picture test (VPT) ([Fig. 3](#F3){ref-type="fig"}), which is a projective, psychometric, self-measure test that is used to measure the state anxiety of the young child. It comprises of eight cards, with two pictures in each card, one anxious figure and one nonanxious figure. The child was asked to select one of the figure he or she felt most like at that moment. All the cards were shown with number and ordered accordingly. If the child selects anxious figure, then score of 1 was recorded; if the child selects nonanxious figure, a score of 0 was recorded. The scale has a range of 0--8.^[@B17]^

Pulse rate and oxygen saturation measured by the finger pulse oximeter (Choicemmed MD300C15D Pulse Oximeter, India) ([Fig. 4](#F4){ref-type="fig"}), which is a direct measure of physiological arousal since its increase is attributed to stress during dental procedures.^[@B18]^

Statistical Analysis
--------------------

The statistical analysis was performed using the SPSS version 17 software (SPSS Inc., Chicago, IL). Normality of the data was assessed using the paired *t* test for comparison between the groups. Descriptive data are reported as frequencies, means, and SD. The significance level was set at *p* \< 0.05.
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RESULTS
=======

A total of 30 patients (*n* = 60) with bilateral molars indicated for extraction were enrolled in the study. The age for the selected patients was in the range from 6 to 10 years. All patients reported for all three visits show 100% follow-up rate.

The scores in [Table 1](#T1){ref-type="table"} showed and evaluated the changes in pulse rate, oxygen saturation, and the Venham\'s picture test. [Table 1](#T1){ref-type="table"} depicts mean, SD, and standard error for different parameters in both groups.

The scores in [Table 2](#T2){ref-type="table"} showed intergroup comparison of pulse rate, oxygen saturation, and self-reported anxiety using the Venham\'s picture test.

The mean pulse rate values before and after the extraction procedure in group I were 107.833 ± 1.356 and 108.4 ± 0.927, respectively. The difference between before and after pulse rate values in group I was found statistically nonsignificant (*p* \> 0.05) as shown in [Table 1](#T1){ref-type="table"}. The mean pulse rate values before and after extraction in group II were 109.1 ± 1.398 and 112.233 ± 0.774, respectively. The difference between before and after pulse rate values in group II was found statistically significant (*p* = 0.03).

The mean oxygen saturation values before and after the extraction procedure in group I were 97.20 ± 0.375 and 96.83 ± 1.801, respectively. The difference between before and after oxygen saturation values in group I was found statistically nonsignificant (*p* \> 0.05). The mean oxygen saturation values before and after the extraction procedure in group II were 96.933 ± 0.2793 and 96.933 ± 0.2273, respectively. The difference between before and after pulse rate values in group II was found statistically nonsignificant (*p* \> 0.05) ([Table 1](#T1){ref-type="table"}).

The mean Venham\'s picture test values before and after the extraction procedure in group I were 2.9667 ± 0.2815 and 3.50 ± 0.2815, respectively. The difference between before and after Venham\'s picture test values in group I was found statistically significant (*p* = 0.03). The mean Venham\'s picture test values before and after the extraction procedure in group II were 3.60 ± 0.327 and 3.80 ± 0.353, respectively. The difference between before and after Venham\'s picture test values in group II was found statistically nonsignificant (*p* \> 0.05) ([Table 1](#T1){ref-type="table"}).

###### 

Vital signs and Venham\'s picture test (mean, SD, and significance) in both the groups before and after the extraction procedure

  *Parameters*               *Mean*       *Standard deviation*   *Standard error mean*   *Significance (p value)*             
  -------------------------- ------------ ---------------------- ----------------------- -------------------------- --------- --
  Group I (VR group)         Pulse        Before                 109.1000                7.66249                    1.39897   
  After                      112.2333     4.24007                0.77413                 0.038                                
  Oxygen saturation          Before         96.9333              1.52978                 0.27930                              
  After                        96.9333    1.24522                0.22735                 0.168                                
  Venham\'s picture test     Before           3.6000             1.79271                 0.32730                              
  After                          3.8000   1.93694                0.35363                 0.934                                
  Group II (control group)   Pulse        Before                 107.8333                7.42820                    1.35620   
  After                      108.4000     5.08276                0.92798                 0.223                                
  Oxygen saturation          Before         97.2000              2.05779                 0.37570                              
  After                        96.8333    1.80198                0.37570                 0.350                                
  Venham\'s picture test     Before           2.9667             1.54213                 0.28155                              
  After                          3.5000   1.54213                0.28155                 0.03                                 

###### 

Intergroup comparison of pulse rate, oxygen saturation, and self-reported anxiety using Venham\'s picture test

  *Parameters*             *Groups*   *Mean*       *Std. deviation*   *Std. error mean*   *Sig. (two-tailed)*
  ------------------------ ---------- ------------ ------------------ ------------------- ---------------------
  Pulse                    Group I    108.4000         5.08276        0.92798             0.002
                           Group II   112.2333         4.24007        0.77413             0.002
  Oxygen saturation        Group I      96.8333        1.80198        0.32899             0.188
                           Group II     97.3667        1.24522        0.22735             0.188
  Venham\'s picture test   Group I        3.5000       1.87083        0.34157             0.544
                           Group II       3.8000   101.93694          0.35363             0.544

In intergroup comparison for pulse rate ([Table 2](#T2){ref-type="table"}), group I (108.4 ± 0.927) showed lesser pulse rate values as compared to group II (112.233 ± 0.774), which was statistically significant (*p* \< 0.05). The oxygen saturation and the Venham\'s picture test showed no significant difference with any of two groups (*p* \> 0.05).

DISCUSSION
==========

Dental procedures, local anesthesia administration in particular, are often a source of anxiety and stress in children, in turn an increase in pain reactivity. Therefore, it is very important to use specific interventions to distract them from dental treatment procedures. Distraction, one of the psychobehavioral approaches used in medical and dental treatment situations, is defined as a nonaversive approach used to modify a child\'s discomfort by disrupting his or her attention away from the main task to accomplish successful treatment with high quality.^[@B19],[@B20]^

This study thus tested the effectiveness of distraction using VR eyeglasses on anxiety levels in children undergoing the dental extraction procedure. The present study was designed as a split-mouth study design. The design is characterized by subdividing the child\'s dentition into halves (right and left), where two different treatment modalities are assigned to one side randomly, in order to allow further outcome evaluation. Each participant acts as their own control by making within-patient rather than between-patient comparisons, thus diminishing intersubject variability and increasing study accuracy and power.^[@B21]^

It has been demonstrated that distraction techniques are less effective in individuals who have a previous bitter pain experience.^[@B22]^ Therefore, in the present study subjects were excluded if they had previous medical or dental history.

Anxiety was measured by both objective and subjective means. The subjective measure was done by the Venham\'s picture test. The objective measure of anxiety was assessed by measuring pulse rate and oxygen saturation with the help of a pulse oximeter. The pulse rate is governed by the nervous system, especially the autonomic nervous system (ANS) that reflects negative emotions in terms of physiological parameters such as heart rate, respirations, and body temperature. Therefore, physiological responses of the ANS are indicators used to tell if a person is under stress or relaxation.^[@B18],[@B23]^

The mean pulse rate value in group II after extraction (112.233 ± 0.774) was greater than mean pulse rate value before extraction (109.1 ± 1.398), which was statistically significant. If the pulse rate value increases after the dental procedure relatively, it gives an idea that the child is anxious. This suggests pulse rate as an important parameter for assessing anxiety in children. The importance of pulse rate as a physiological parameter of anxiety in children was first reported by Mccarthy.^[@B24]^ In the present study, in intergroup comparison, VR eyeglasses showed their effectiveness in respect to pulse rate. These results were in accordance with previous studies conducted by Prabhakar et al.,^[@B9]^ Hoffman et al.,^[@B25]^ and Nilson et al.^[@B26]^ They concluded that the use of audiovisual distraction during dental treatment was more effective in managing anxious children than using audio distraction solely.^[@B9],[@B25],[@B26]^ These benefits may be related to more immersive images due to the occlusive headsets that project the images right in front of the eyes of the user and block out real-world stimuli. The child\'s attention is focused on what happen in the virtual world rather than on the surrounding environment.^[@B7]^ The application of VR distraction is based on the assumption that pain perception has a large psychological component and that pain attracts a strong attentive response causing anxiety.^[@B27]^ Recently, it has also been found that VR changes the way people interpret incoming pain signals and actually reduces the amount of pain-related brain activity.^[@B28]^

The changes in oxygen saturation in groups, group I (97.20 ± 0.375 and 96.83 ± 1.801) and group II (96.933 ± 0.2793 and 96.933 ± 0.2273), before and after the extraction procedure were observed when VR eyeglasses were used. These changes observed were statistically nonsignificant. Similar results were shown by Prabhakar et al.^[@B9]^ and Kaur et al.^[@B29]^ who concluded that audiovisual distraction certainly reduces the pain perception and distress in children during intravenous injection. They also concluded that AV distraction was more effective in managing anxious pediatric patients in terms of heart rate and oxygen saturation level. In intergroup comparison, no statistical difference was observed in anxiety level in children. Although oxygen saturation is not an immediate physiological measure of anxiety, analysis was done using this parameter too as there are no studies carried out to assess the correlation between both the factors. Additionally, the pulse oximeter used in the study had this inherent parameter.^[@B30]^

The Venham\'s picture test used in the present study showed significant values with group I before (2.9667 ± 0.2815) and after (3.50 ± 0.2815) the extraction procedure wearing the VR eyeglasses. These results were in accordance to similar studies conducted by Sullivan et al.,^[@B6]^ Prabhakar et al.,^[@B9]^ Hoge et al.,^[@B16]^ and Guinot et al.^[@B31]^ They found no significant differences in the measures of anxiety obtained with the Venham\'s picture test. The results of the present study were contradicting with the study conducted by Baghdadi.^[@B32]^ They found a significance difference in the Venham\'s picture test during dental treatment between the audio distraction technique and control situation.^[@B31]^

LIMITATION OF THE STUDY
=======================

The initial limitation of the present study was smaller sample size. A larger sample size in a general clinical setting might have cleared the differences in the use of AV distraction due to anxiety and behavior measures. The other limitation to the study was the design of the eyeglass system (BlackBug Virtual Reality Glasses). This design allows a slight visual access to the surrounding environment. Hence, the patients were not distracted from procedures performed in the oral cavity. However, in surrounding environment sound and visual field of the children could not be blocked due to oversized eyeglasses and earphones.

CONCLUSION
==========

The present study confirms the efficacy of VR distraction as a means of the behavior management technique in our day-to-day practice.

The use of VR as a distraction technique improves the physiologic parameter of children aged 6--10 years but does not reduce the patient\'s self-reported anxiety according to Venham\'s picture test used.

The anxiety-inducing appearance of dental equipment and the child\'s focusing on all details of the procedure is one of the most important reasons for stress associated with dental procedures in children. Therefore, the positive effects of VR distraction on anxiety in children in the present study are attributed to blockage of children\'s visual fields and as a result to a successful distraction technique.

In our era of digital dentistry, use of an audiovisual aid can be an adjunct reducing the anxiety of children.

CLINICAL SIGNIFICANCE
=====================

In today\'s digitalized world, children are attracted to digital games, cartoon series, mobiles, digital tablets, etc. Using VR eyeglasses as an audiovisual distraction is useful in managing anxiety in fearful children during dental treatments. This technique of distraction also reduces operatory stress on the pediatric dentist. Hence, this technique can be utilized in routine pediatric practice as an adjunct to other behavior management techniques.
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